The current reference standard to check the position of a tubal sterilization microinsert device after its insertion is hysterosalpingography. The objective of this study was to evaluate the accuracy of 2-dimensional (2D) and 3-dimensional (3D) ultrasonography (US) in the positioning of the tubal sterilization microinsert for definitive contraception. We searched MEDLINE, Embase, Cochrane, and Scopus databases through October 2017. Selection criteria included studies that analyzed the accuracy of 2D or 3D US, or both, with respect to the positioning of the microinsert. Data were displayed as forest plots and a summary receiver operating characteristic curves. Values for sensitivity, specificity, and positive and negative likelihood ratios (LRs) were calculated. The pooled analysis produced sensitivity and specificity values for 2D US in the positioning of the microinsert of 0.88 (95% con- 
T ubal sterilization is the most used contraceptive method in the world, and with the advent of minimally invasive surgeries, laparoscopic tubal ligation has become the definitive procedure with the fewest complications. 1 A tubal sterilization microinsert is inserted through a transcervical access with the aid of hysteroscopy and positioned in the proximal part of the fallopian tube. The device, approved by the United States Food and Drug Administration in 2002 and marketed in the United States since then, consists of an external radial expansion coil made of nickel titanium alloy, and it is designed to stay in place; it also has a layer of polyethylene terephthalate fibers, which induce an inflammatory process with consequent fibrosis and complete occlusion of the tubal lumen 1 to 6 months after the procedure. 2, 3 Proper placement of a tubal sterilization microinsert is essential to ensure its retention, an adequate fibrotic response, and subsequent tubal occlusion. To evaluate the proper positioning in on 3-dimensional (3D) ultrasonography (US), one can use the classification of Legendre et al, 4 which is based on 4 categories: the perfect position (1 + 2 + 3) with an intrauterine portion, a cornual portion, and an isthmic portion; a proximal position (1 + 2) with intrauterine and cornual portions; a distal position (2 + 3) with no intracavitary portion; and a very distal position (3 only) located in the isthmic portion of the fallopian tube. However, there is a question of whether 3D US may have a good accuracy compared to hysterosalpingography. Another classification that described the use of 2-dimensional (2D) US was that developed by Veersema et al, 5 in which the device is considered in a satisfactory position when the reflections of the microinsert cross the outer line of the uterine wall, and the proximal ends of both devices are visualized inside the outer line or in the region of the endometrial cavity.
Despite the introduction of some new confirmatory tests, such as 2D and 3D US, hysterosalpingography is still considered the reference standard. 6 Hence, the aim of this study was to evaluate the accuracy of 2D and 3D US against that of hysterosalpingography in tubal sterilization microinsert positioning for definitive contraception.
Methods

Protocol and Registration
This study consisted of a systematic review of articles with an observational design aimed at analyzing the accuracy of 2D and 3D US with respect to the positioning of the tubal sterilization microinsert for definitive contraception. This review was registered with the PROSPERO registry for systematic reviews (CRD42 017057279) and conducted according to the recommendations established by Preferred Reporting Items for Systematic Reviews and Metaanalyses 7 and Synthesizing Evidence from Diagnostic Accuracy Tests guidelines. 8 
Eligibility Criteria
In selecting the studies, we included those with a population of women without reproductive desire or with reproductive desire and unilateral hydrosalpinx who had undergone hysteroscopy with placement of an intratubular device. Study texts to which we did not have full access were excluded from the analysis after attempting to contact the authors.
Information Sources and Search
The retrieval of relevant articles was conducted by using the search strategies described in Figure 1 . The studies were grouped and structured by the PICO (patient, intervention, control, and outcome) strategy, and the primary databases MEDLINE, Cochrane, Embase, and Scopus were consulted without restricting the year of publication or language, with the last search made in October 2017.
Study Selection
The selection of articles, as well as the evaluation of titles and abstracts, was conducted by 2 blinded researchers (M.C. and R.d.S.S.) working independently and strictly observing the inclusion and exclusion criteria. After this initial screening, the remaining articles were further evaluated critically to be included or not in the review. For inclusion in the meta-analysis, we only considered studies in which all patients underwent the reference test (hysterosalpingography), as well as US (2D, 3D, or both), and in which the results were shown in absolute values, thereby allowing the calculation of sensitivity and specificity. Devices distributed as 1 + 2 + 3, 1 + 2, and 2 + 3 on 3D US were considered as correctly placed according to the classification of Legendre et al. 4 For 2D US, correctly placed microinserts were described as satisfactory placed. 5 When there was disagreement among researchers on the selection of studies, a third reviewer was consulted (J.M.S.J.).
Risk of Bias in Individual Studies
The methods of the included studies were analyzed by a qualitative instrument for data collection (Quality Assessment of Diagnostic Accuracy Studies 2) as recommended by the Healthcare Research and Quality Agency (Table 1) .
Data Items
Data obtained from the selected studies were set out in a table as follows: main author's name and year of publication, study design, number of patients, number of microinserts that were placed, age, parity, index test (2D or 3D US, or both), and reference test (hysterosalpingography; Table 2 ). The following statistical parameters were calculated or extracted from the same studies: true positive, true negative, false positive, and false negative. Sensitivity and specificity parameters, when not directly available, were calculated according to the following formulas: sensitivity = true positive/(true positive + true negative), and specificity = true negative/(false positive + true negative).
Synthesis of Results
Meta-DiSc version 1.4 (Ramón y Cajal Hospital, Madrid, Spain) was used to perform the metaanalysis, and the summary receiver operating characteristic (ROC) curve and the forest plot were the statistical tools used to present the data. 9 The primary outcomes of interest in this meta-analysis were the values of sensitivity and specificity, along with the positive and negative likelihood ratios (LRs) of 2D and 3D US compared to hysterosalpingography in the evaluation of the positioning of the microinsert for definitive contraception. The heterogeneity of the studies and the expression of accuracy were explored by the summary ROC curve.
Results
Eligible Studies
The process of searching, identifying, and selecting articles is shown in Figure 2 . The search strategies yielded 633 articles, 9 of which were selected for inclusion in the systematic review. 4, 5, [10] [11] [12] [13] [14] [15] [16] The principal exclusion motive was unrelatedness to the PICO components. Of the 9 articles, 5 were selected for inclusion in the metaanalysis because in 4 studies, not all patients underwent hysterosalpingography. 4, 5, [10] [11] [12] Study Characteristics Study characteristics are detailed in Table 2 . The 9 studies included in the systematic review were cross-sectional, The reference standard was not performed in all patients. c In 2 cases, only 1 microinsert was placed, since the patients had undergone previous salpingectomy. and they totaled 2603 women. The average patient's age was 39.7 years, with a range of 38.4 to 41.7 years. Some studies did not provide this information. 5, 10, 13, 16 In all 9 studies, hysterosalpingography was used as a reference standard. Moreover, all participants wanted a definitive contraceptive method with the exception of 2 patients from the study conducted by Paladini et al 10 and 17 patients from the study conducted by AlvarezLopez et al. 11 The women maintained their reproductive desire but underwent tubal sterilization microinsert placement due to hydrosalpinx before an in vitro fertilization cycle. 10, 11 For the meta-analysis, only 5 studies, in which all patients underwent hysterosalpingography, were considered.
4,5,10-12
Quality Assessment
The methodological evaluation of the articles according to the Quality Assessment of Diagnostic Accuracy Studies 2 is displayed in Table 1 . This tool is designed to assess the quality of primary diagnostic accuracy studies and comprises 4 key domains: patient selection, index test, reference standard, and flow and timing. Each domain is assessed in terms of bias risk; the first 3 domains are assessed in terms of applicability by indicating a "low," "high," or "unclear" risk. Quality assessment in 2 studies showed a high bias risk in 2 of the items (reference standard and flow and timing) 13, 16 ; 2 studies showed a high bias risk in 1 item (flow and timing) 14, 15 ; whereas 5 studies had an unclear bias risk in the index test, reference standard, and flow and timing. 4, 5, [12] [13] [14] 
Data Synthesis
The true-positive, true-negative, false-positive, and falsenegative numbers were retrieved from studies included in the meta-analysis. Sensitivity, specificity, and positive and negative LRs were computed for each article. Data were shown as forest plots and ROC curves.
For the meta-analysis, data from a total of 392 patients were analyzed. Of these, 238 underwent 2D US, and 179 underwent 3D US, with examinations performed, on average, 3 months after placement of the microinsert. Three studies analyzed the performance of 3D US in the positioning of the microinsert. 4, 10, 11 The values for sensitivity, specificity, and positive and negative LRs of 2D US in the assessment of the positioning of the microinsert for definitive contraception ranged from 50% to 100%, 70% to 97%, 2.47 The 3 studies using 3D US showed sensitivity and specificity values ranging from 50% to 100% and 70% to 89%, respectively. Positive and negative LRs ranged from 2.47 to 4.75 and 0.16 to 0.56 (Figures 5  and 6 ). The analysis of data pooled from the 3 studies produced sensitivity and specificity values equaling 
Discussion
Main Findings
In this systematic review and meta-analysis, we verified that 2D and 3D US are associated with good accuracy in the topographic evaluation of a tubal sterilization microinsert. This imaging technique has great advantages over hysterosalpingography, for it is a nonionizing method that can be performed on an outpatient basis by the patient's own physician and can be repeated at any time. Furthermore, hysterosalpingography has several other drawbacks, including costs, invasiveness, and an insensitive approach when associated with endometrial ablation. The main problem, however, is the lack of information about the impact of the tubal sterilization microinsert on the adjacent soft tissue. 6 To our knowledge, this study was the first systematic review with a meta-analysis aimed at assessing the accuracy of 2D and 3D US in the positioning of the tubal sterilization microinsert for definitive contraception. In this study, after 3 months of placement, in more than 80% of 2D US and 75% of 3D US examinations, the microinserts were successfully visualized. In most cases of 2D US performance and in 82% of the cases of 3D US, the microinserts appeared to be properly positioned. Also, our data on the positive LRs for 2D US show that it is a secure procedure for positioning.
On the other hand, 3D US produced a lower positive LR than 2D US. This result may be associated with problems in defining the site for microinsertion due to difficulties in spatial orientation, especially in cases in which the uterus is lateralized or in retroversion, difficulties in the acquisition of the 3D image itself, or difficulties derived from an unusual situation, such as the insertion of a single microinsert.
Strengths and Limitations
Consistent points that deserve comment are the prospective nature of patient inclusion and the performance of the examinations, which were featured in most of the articles, and the exclusion from the metaanalysis of the articles for which sensitivity and specificity values could not be calculated and of those in which not all patients had undergone the reference test.
Limitations include the fact that in not all of the studies selected for the systematic review did all women undergo hysterosalpingography, and some of the metaanalyzed studies did not provide data on the age and parity of the patients. The summary ROC model presented here does have some limitations once it is unable to distinguish between within-and between-study variability, thus giving equal weight to all pairs of sensitivity and 1 -specificity despite potentially large differences between studies with respect to sample sizes.
Another weakness is the fact that despite the small number of patients, some had a single intratubular device placed in anticipation of in vitro fertilization and embryo transfer, raising the question that 2 kinds of patients were analyzed: those who presumably had usual anatomic variations consistent with fertility and others who deviated from normal impeding fertility. We also have to point out that not all studies used the same parameter for 2D US to consider the correct location of the intratubular device; although authors such as Veersema et al 5 and Paladini et al 10 used the classification of Veersema et al, 5 García-Lavandeira et al 12 considered well-positioned microinserts those that ended less than 16 mm from the endometrialmyometrial junction. Other points to be considered as limitations were that this study did not address the soft tissue impact of the adjacent tubal sterilization microinsert, and the classification systems contemplated to identify the position of the intratubular device do not account for devices that do not hold their curvature, which is an important feature for determining their correct location and not missing a tubal perforation. 17 
Conclusions
Two-dimensional US and 3D US appear to be accurate methods for assessing the location of a tubal sterilization microinsert for definitive contraception when performed 3 months after the procedure, considering the range of error found within and between these methods compared to hysterosalpingography.
